The effect of abattoir type, age, sheep breed and sex on avoidance-related behaviour and bleeding times at slaughter were determined. Castrates and ewes of different age groups and breeds were used. From the commercial abattoir, 90 castrates and 110 ewes were used while 66 castrates and 19 ewes were obtained from the municipal abattoir. Avoidance-related behaviour and bleeding times differed with abattoir type and age classes. Animals slaughtered at the commercial abattoir were calmer and had shorter bleeding times (61 ± 1.16 s) than those slaughtered at the municipal abattoir which had a mean bleeding time of 74.2 ± 2.11 s. Older animals were calmer and had longer bleeding times (67.5 ± 1.82 s) than the younger animals which had a mean bleeding time of 61.6 ± 2.64 s. Avoidance-related behaviour also differed with breed and the sex of the animals with Merino and Dorper + Merino crosses being the calmer than the pure Dorper breed. About 95% of ewes were calmer than the castrates. It can be concluded that abattoir type, age, breed and sex have an effect on animal behaviour at slaughter. Only abattoir type and sex had an effect on bleeding times.
Introduction
There are different types and classes of abattoirs, and the abattoir classifications depend on the type of the species slaughtered, abattoir structure and the management system practised. Despite these differences, abattoirs function under the same standard laws and regulations to ensure public health safety. The laws governing abattoir operations include The Meat Act, 2000, and the Animal Protection Act, 1962 and 1935 for animal welfare maintenance (RMAA, 2011) .
It has been reported that commercial abattoirs spend more on getting reliable and sophisticated machinery (Gregory, 2005) while most municipal abattoirs in rural areas have poor handling facilities (Ndou et al., 2010) . These differences are thought to have an effect on animal welfare thus affecting animal behaviour at slaughter and the quality of the product. Grandin (1999) reported that animals' reactions differ with different handling techniques and systems, including the animal's previous exposure at farms.
Environment changes from the farm to the slaughter house. Lack of control in a particular environment may be stressful to the animals resulting in eccentric behaviour (Broom & Frazer, 2007) . Behaviours such as avoidance and approach can be used to measure aversive handling effects (Boivin et al., 1997; Dodzi & Muchenje, 2011) . In addition, several other factors such as the age, gender, breed, and species of the animal affect animal behaviour (Hansen et al., 2001) . Poor welfare conditions also affect the animal's behaviour (Knowles, 1998 Abattoir operations at slaughter also affect bleeding efficiency during exsanguination. Two bleeding processes are used in different abattoirs. These are vertical bleeding which renders hygienic conditions, and horizontal bleeding which promotes faster bleeding rates (RMAA, 2011) . Literature on general animal behaviour at slaughter from other parts of the world is available (Grandin, 2006; Bourguet et al., 2011) . There is a dearth of information on such work under practical conditions, especially in the developing world. The aim of this study was therefore to quantify avoidance-related behaviour and bleeding times of sheep slaughtered at a municipal and a commercial abattoir.
Materials and Methods
The study was conducted at the East London (EL) commercial and the Adelaide municipal (MA) abattoirs in the Eastern Cape Province, South Africa. Information on the sheep was recorded as the animals came in for slaughter from different farms located in the province. Castrates and ewes from Dorper, Merino and their crosses and of different age groups (<10 months, 11 -12 months, >12 months) were used in the study. From the commercial abattoir, 90 castrates and 110 ewes were obtained while 66 castrates and 19 ewes were obtained from the municipal abattoir. The sheep slaughtered at the EL were brought into the abattoir a day before slaughter by trucks and were put into abattoir holding pens overnight with access to water but with no food. Those slaughtered at the MA were sourced from nearby farms (20 -30 km) and brought in the morning of slaughter; transported in small vans.
Behaviour observations were done before stunning while introducing the animals to the slaughter floor (Terlouw & Porcher, 2005 ; Table 1), with higher scores for higher levels of avoidance behaviour. One person standing 1.5 meters away from the exsanguination point was responsible for taking down the records. Modified from Terlouw & Porcher (2005) .
Animals slaughtered at the EL were introduced from the holding pens onto the slaughter floor using a conveyer restrainer with minimal contact with handlers. Those from the MA were manually driven onto the slaughter floor by the abattoir workers. Electrical stunning was used in both abattoirs. However; the EL used 110V (0.6A) for 60 seconds and the same person conducted this procedure on the sides of the head above eye level. The MA used 650V and several workers conducted the stunning procedure depending on who was available. A horizontal bleeding process was used at the EL. The animals were then hung vertically on a moving rail using their right hind legs. The MA used the vertical bleeding process with the animals hung vertically using both hind legs. Bleeding time was recorded according to the procedure by Kirton & Woods (1977) . The recorded time interval was the one between the start of blood flow and the time the flow changed from a constant stream into drips.
The data was analysed in Genstat (2008) using the main effects model. The χ 2 (chi square) test was used to assess the effect of abattoir type, age group, breed, and sex on behavioural scores. Analysis of variance (ANOVA) was used to test the effect of the abattoir type, breed, age group and sex on bleeding times at exsanguination. Interactions between abattoir type, age, breed and sex were also determined.
Results and Discussion
At the EL there were no differences in sheep behaviour at slaughter, while there were behavioural differences in those that were slaughtered at the MA (Figure 1a) . The uniform behaviour observed at the EL may be attributed to the improved technologies and quality in management practices at the abattoir. The use of a restrain conveyer on introducing the animals to the slaughter floor encouraged the animals to display a standing posture which in this study was associated with calmness. In addition, these sheep had rested overnight before being slaughtered the following day, thereby getting used to the novel abattoir environment and getting used to social stress. In contrast, the sheep slaughtered at the MA with minimal resting time, and where the manual procedures were used, demonstrated some restlessness (aggression). Ndou et al. (2010) reported that low-throughput abattoirs operate under less friendly conditions with poor handling facilities and less experienced handlers. Most of the animals (37%) slaughtered at MA showed signs of aggression and/or panic. According to Gonyou (1997) , sheep's primary defence is to flee/charge if they are cornered.
The three genotypes were generally calm (Figure 1b) . A relatively large percentage (20.7%) of the Dorper were observed to display the aggression/panic associated behaviour "jumping'' on introduction to the slaughter floor. This is in contrast to the characteristics of this breed which include being calm and being easy to handle (The Dorper Sheep Breeders' Society of South Africa, undated). The calm behaviour shown by Merinos is supported by finding reported by Paterson (1990) that polled Merinos are easy to handle than the horned ones.
Most sheep within the three age groups were calm "standing" before stunning (Figure 2a) . However, 37% of Age Group 1 (<10 months) animals were showing signs of panic and were jumping trying to escape. The calm behaviour observed from the older animals compared to the younger ones was expected. Older animals are well experienced with exposure to different situations and are likely to respond better to stressful changes. In a study by Viérin & Bouissou (2003) , older lambs (5 -6 months) were less fearful than younger lambs (3 -4 months). In Figure 2b , most ewes (95%) were calm as compared to the 81% castrates that demonstrated a panicking/aggressive behaviour. This was expected because generally the male animals are associated with aggression while their female counterparts do not often engage in combative behaviour, except when competing for limited resources (Dweyer, 2009) . However in some studies (arena tests) rams appeared less fearful compared to ewes, with ewes being more active having higher measurements of locomotion (Dodd et al., 2012) .
Bleeding times differed (P <0.001) with abattoir type and age classes ( Table 2) . The abattoir type effect on the bleeding times was as expected and can be attributed to the different procedures used at the two abattoirs.
Animals from the MA took longer (74.2 ± 2.11 s) to bleed than those from the EL (61 ± 1.16 s). According to RMAA (2011) , that horizontal bleeding promotes faster bleeding rates. The manual procedures used at the MA from introducing the animals to the slaughter floor may have caused the blood to heat up resulting in veins/ blood arteries relaxing thus blood gushing out when an incision was done. Bleeding times did not differ (P >0.05) with breed and the sex of the sheep. On the other hand, older sheep (>12 months) had longer bleeding times (67.5 ± 1.82 s) than younger (<10 months) animals (61.6 ± 2.64 s). 
Conclusions and Recommendations
Different operating procedures at abattoirs bring about different response behaviours in sheep at slaughter and bleeding times at exsanguination. Abattoir type, age, breed and sex affect sheep behaviour at slaughter. Only abattoir type and sex affected bleeding times.
The abattoir labourers especially for the municipal abattoir require training on the importance of animal welfare issues and how they in turn affect production. These types of abattoirs can also be encouraged to upgrade to the high throughput "commercial" abattoir as this will not only meet the industry requirements but also profit the abattoirs by reducing any possible losses due to improper handling, or poor machinery usage. A more detailed study should be carried out to give descriptive and quality output.
